The small basic protein encoded by the open reading frame adjacent to the terC site in the Bacillus subtilis chromosome and previously implicated in termination of the replication process was purified. Band retardation assays established that this protein (now called the replication terminator protein, encoded by the rtp gene) binds specifically to a 209-base-pair fragment of DNA within which terC is located.
Despite its importance, information on the molecular mechanism of termination of replication of the bacterial chromosome has lagged far behind that on the initiation and elongation phases of the replication cycle (7) . There is evidence for the existence of sequence-specific terminators in the chromosomes of Bacillus subtilis 168 (11) (12) (13) and Escherichia coli (2, 4) . In B. subtilis, the termination process appears to be less complex. A single termination site, called terC, is located approximately opposite the origin, oriC. The clockwise-moving replication fork reaches terC first and is arrested. The counterclockwise fork arrives a few (<5) minutes later, presumably to fuse with the arrested fork and to complete termination. Arrest of the clockwise fork at terC represents the first stage in the overall process of termination. The sequence of 1.3 kilobases of DNA spanning terC has been determined (1) . Arrest occurs within this sequence in the vicinity of two imperfect inverted repeats (IRs; 47 and 48 nucleotides each, separated by 59 nucleotides) and just upstream of an open reading frame (ORF) encoding a small basic protein (Mr, 14,519). The -200 base pairs (bp) of DNA spanning the IRs is referred to as the IR region (IRR). Experiments with strains in which portions of the sequence on either side of terC were deleted or modified have given information on the sequence requirements for clockwise fork arrest (10) . In particular, disruption of the ORF by insertion of four extra nucleotides abolished fork arrest. It was proposed that arrest is dependent upon binding of the ORF-encoded protein to the IRR within which terC is located. In this report, we describe the purification of this protein from B. subtilis and the results of experiments which establish that the protein does bind specifically to the IRR as proposed. Thus, a protein required for termination of replication of a bacterial chromosome, now called the replication terminator (RT) protein, was identified. Figure 1 summarizes the relevant features of the DNA sequence spanning terC in B. subtilis. The clockwise fork enters this sequence from the right and is arrested at terC just upstream of the ORF for the RT protein (designated the rtp gene) and in the vicinity of IRI and IRII, which make up the IRR (1) . NdeI cuts this sequence between the ribosomebinding site and the initiation codon of the ORF; the HaeIII site lies approximately 120 nucleotides downstream of the termination codon of the ORF. The 480-bp NdeI-HaeIII portion was inserted, via a number of steps, into the multiple cloning site of E. coli expression vector pKK223-3 (Pharma-* Corresponding author. cia, Uppsala, Sweden). In the resulting recombinant plasmid, pWS46, the ORF was positioned appropriately for controlled expression by the isopropyl-o-D-thiogalactopyranoside (IPTG)-inducible tac promoter (Fig. 1, circular  diagram) . Figure 2A shows the result of sodium dodecyl sulfate-polyacrylamide gel electrophoresis (8) .) The yield was -150 jlg of purified protein per 500-ml induced culture. Figure 2B compares the protein elution profiles (from the cation-exchange fast-protein liquid chromatography column) of nucleic acid-free extracts prepared from IPTG-induced cultures of E. coli with or without pWS46. The former (+pWS46) showed a prominent, sharp peak eluting at 0.56 M salt, comprising the RT protein. It was completely absent from the control (-pWS46) extract. The final purified product comprised -90% of the 14,500 M, species (Fig. 2A, lane 4) .
Band retardation assays (3) were performed to explore the possibility of binding of the RT protein to the IRR as proposed. Digestion of plasmid pPL-1 with appropriate enzymes yielded a small fragment of 219 bp containing the IRR and another of 134 bp from the adjoining region to the right (Fig. 3A) . The vector was present in a fragment of 3.0 kilobases. To examine the effect of the purified RT mini-gel apparatus (gel dimensions, 8 .0 by 5.4 by 0.5 cm) at 62 mA for 1.5 h in a cold room; the gels were stained with ethidium bromide before photography. Figure 3B (lane 1) shows the electrophoretic resolution of the three species derived from pPL-1; lanes 2 to 7 show the effects of increasing amounts of the purified RT protein on their migration. The 219-bp fragment was converted to a series of more slowly moving discrete bands (I to IV) at the lower protein-DNA molar ratios (r = 7 to 15; Fig. 3, legend) and just the slowest species (IV) at the highest ratio (lane 7; r = 80). The 134-bp fragment remained unaltered throughout. Binding of the RT protein to the 219-bp fragment to produce a ladder of retarded bands is somewhat similar to the situation with the lac repressor-operator interaction at high protein-DNA ratios (3). The latter was explained by an increase in the number of lac repressor tetramers bound per DNA fragment as the ratio increased.
The specificity of the binding of the RT protein to the IRR was examined more stringently in the experiment shown in Fig. 3C . Digestion of plasmid pWH41A with appropriate enzymes yielded five terC region fragments (120 to 315 bp) (Fig. 3A) . In addition to the 209-bp IRR fragment, there were two (120 and 138 bp) from one side of the IRR and two (186 and 315 bp) from the other side. Most of the vector was distributed among three larger fragments of 692, 1,143, and 1,162 bp. All of these fragments, except the two largest ones, resolved from one another under the electrophoretic conditions used (Fig. 3C, lane 1) . Addition of increasing amounts of the RT protein (lanes 2 to 7; r = 3 to 54) caused selective retardation of the 209-bp IRR fragment. There was no evidence for nonspecific interaction of the protein with any fragment when the protein-DNA ratio was twice that needed to completely convert the 209-bp fragment to the slowest derived species (IV) of the ladder (compare lanes 6 and 7). (10) . It remains to be established whether or not binding of the RT protein to the IRR per se is sufficient to cause arrest. When the IRs close to the terC site in B. subtilis were identified, the terminus of E. coli plasmid R6K was also examined and found to contain two 20-nucleotide imperfect IRs separated by 73 nucleotides (1). These R6K repeats (called terRi and terR2) have since been studied in more detail, and each has been shown to function separately as a block to replication fork movement in one or the other direction (6) . There is evidence to suggest that terRi and terR2 of R6K show significant sequence homology to the E. coli chromosomal terminators. It is possible that the recently identified transacting factor (defined by the tus gene) needed for termination of replication in E. coli (5) is a protein, analogous in function to the RT protein identified here, that binds separately to each of the E. coli chromosomal terminators, as well as to terRI and terR2 of R6K.
Knowledge of the mode of binding of the RT protein to the IRR in B. subtilis will be of some significance. Of the many DNA-binding proteins identified, it has a unique function. Also, it is likely that its precise folded structure must be stringently maintained for it to function in termination of replication. Examination of the ORF for the RT protein in another strain of B. subtilis, W23 (all of the data presented here relate to strain 168), showed 22 nucleotide changes in the ORF but none in the encoded amino acid sequence (9) . 
